Nicotinamide adenine dinucleotide phosphate oxidase (NAD(P)H-oxidase) is a multicomponent enzyme system that generates superoxide anion by one-electron reduction of molecular oxygen and represents the major source of reactive oxygen species (ROS) in the vascular cells. Apocynin has been extensively used as an inhibitor of NADPH oxidase (NOX) in phagocytic cells and as an antioxidant in non-phagocytic cells. In phagocytes cells, due to the presence of myeloperoxidase, apocynin can be the converted to diapocynin, which is supposed to be the active form of this phytochemical. Moreover, apocynin was shown to induce hypotension and vasodilatation in many experimental animal models. However, there are no studies showing the effects of diapocynin on blood pressure or in vascular cells. In this present study, we used chemically synthesized diapocynin and analyzed its antioxidant capacity, effect on blood pressure and vascular reactivity. Moreover, it was evaluated the levels of nitric oxide (NO), ROS and calcium in aortic endothelial cells stimulated by diapocynin. All results were compared to apocynin. We found that diapocynin showed higher antioxidant capacity than apocynin. Apocynin and diapocynin, promoted hypotensive effects without changing the heart rate, however the effects of diapocynin were reversed faster than the effects of apocynin, which was long lasting. Diapocynin and apocynin induced endothelium dependent and independent vasodilatation, but diapocynin was less potent than apocynin regarding the capacity of induction of vasodilatation in mesenteric resistance arteries and aorta from Wistar rats. The relaxation induced by apocynin or diapocynin involves sGC and potassium channels in vascular smooth muscle cells and NOS participates of relaxation induced by apocynin or diapocynin in intact mesenteric rings. Apocynin and diapocynin increased NO and decreased ROS levels in endothelial cells, however diapocynin did not alter calcium levels in these cells. In conclusion, these results demonstrated that, similarly to apocynin, diapocynin also induces hypotensive and vasodilator effects in rats and vascular endothelium improves the diapocynin vasodilator effects by increases NO bioavailability.
Introduction
Reactive oxygen species (ROS) are chemically reactive molecules derived from molecular oxygen, partly formed as a natural byproduct of aerobic metabolism pathways and partly due to activation of membrane-bound enzyme systems in mammalian cells [1] [2] [3] . In the cardiovascular system, ROS may play a physiological or pathophysiological effect, depending on its concentration. In physiological conditions, low concentrations of ROS act as a critical second messenger in a variety of intracellular signaling pathways, regulating vascular smooth muscle cell contraction and relaxation [4] [5] [6] [7] . However, under pathological conditions, the excess of ROS overwhelms endogenous antioxidant system and contribute to several cardiovascular diseases including atherosclerosis, hypertension, endothelial dysfunction, ischemic heart disease, arrhythmias, cardiomyopathy, and congestive and chronic heart failure [1, 8] .
There are several sources of ROS in cardiovascular system including xanthine oxidase [9] , cyclooxygenase, cytochrome P450 [10] , uncoupled endothelial nitric oxide synthase (eNOS) [11] , and the enzymatic complex nicotinamide adenine dinucleotide phosphate oxidase (NAD(P)H oxidase) [12] , which is the main source of ROS in vascular cells. NADPH oxidase have been described in phagocytic and nonphagocytic cells and plays an important role in nonspecific host defense during infection by catalyzing the reduction of one-electron of molecular oxygen to form superoxide anion (O 2 comprises a major component (gp91phox) and a minor component (p22phox). There are cytosolic regulatory subunits (p47phox, p67phox, p40phox and a protein GTPase Rac 2) that are required for activation of the enzyme [13] . In non-phagocytic cells, including vascular cells, diverse homolog of gp91phox (Nox2) have been identified leading to the NOX family (Nox1-Nox5, Duox1, and Duox2) [12, 14] .
Apocynin impairs the translocation of the p47phox [15] [16] [17] , the cytosolic component of the NAD(P)H oxidase complex to the membrane in cells and has been used as NAD(P)H oxidase inhibitor in phagocytic [18, 19] and non-phagocytic cells [17, 20, 21] . In phagocytic cells, apocynin is converted into its active dimer diapocynin by myeloperoxidase (MPO) [22] [23] [24] . In peripheral blood, mononuclear cells (PBMC) stimulated by lipopolysaccharide, apocynin did not inhibit the production of tumor necrosis factor-alpha and interleukin-10, but diapocynin had a pronounced effect on both. Furthermore, while diapocynin efficiently inhibited gp91phox RNA expression, the same effect was only obtained for apocynin at higher [25] . In addition, as MPO is not expressed in non-phagocytic or vascular cells, the molecular mechanisms of apocynin mediated NOX inhibition in these cells is not fully understood.
It was suggested that hydrogen peroxide (H 2 O 2 ) may convert apocynin to diapocynin [23] , or furthermore, apocynin might be an antioxidant in the vascular cells [26] . Previous studies showed neuroprotective effects of diapocynin in a pre-clinical animal model of Parkinson's disease by attenuating oxidative damage and neuroinflammatory responses [27] . Moreover, in dystrophic myotubes, diapocynin was able to inhibit ROS production [28] . Apocynin has anti-hypertensive effect in different models of hypertension [29] [30] [31] [32] and vasodilator effects [33, 34] . On the other hand, there are no studies showing the effects of diapocynin on blood pressure or in vascular cells. Our hypothesis is that diapocynin induces greater effects than apocynin on blood pressure and in vascular cells. Then, the aim of this study was to evaluate the in vivo and in vitro effects of synthesized diapocynin in normotensive Wistar rats and compare its effects with apocynin.
Material and methods
The experiments conducted in this study were previously approved by Animal Research Ethics Committee at the School of Dentistry of Araçatuba -UNESP (CEUA 2016-00211).
Animals
In this study, male normotensive Wistar rats (n=30) at threemonths old (250 g) were used. Fifteen animals (n=15) were used to perform in vivo experiments. Ten separate animals (n=10) were also used in functional experiments of vascular reactivity, and the aortic and mesenteric artery rings were removed from the same animal. In flow cytometry experiments, endothelial cells were removed from aortas of five animals (n=5). All animals received standard chow and water ad libitum and were kept under controlled temperature (24 ± 2°C) and in a 12-h light/dark cycle.
Biochemical analysis

Apocynin and diapocynin total antioxidant capacity
The total antioxidant capacities were assessed by ferric reducing antioxidant power (FRAP) assay [35] . The method is based on reducing the ferric complex tripiridil triazine (Fe 3+ TPTZ) to form Fe 2+ in acidic medium. Apocynin and diapocynin were diluted in dimethyl sulfoxide at 0.1 mol/L, and then, diluted in distilled water to obtain the concentrations of 0.01, 0.1, 1, 10, 100 and 1000 µmol/L. Fifteen microliters (15 µL) of all concentrations were individually included in working solution, in duplicate, for 30 min at 37°C in the dark. The absorbance was determined at 595 nm (Hitachi U1100 spectrophotometer, Tokio, Japan) using a standard curve of FeSO 4 . The results were expressed in mmol/L FeSO 4 . The working solution was prepared with a mixture of 2,4,6-tripyridyl-s-triazine 10 mmol/L in HCl 40 mmol/L, acetate buffer 300 mmol/L and FeCl 3 20 mmol/L, 10:1:1 respectively.
In vivo studies
2.3.1. Cannulation and measurement of mean arterial pressure (MAP) and heart rate (HR) The Wistar rats were anaesthetized intraperitoneally with ketamine (45 mg/kg) and xylazine (5 mg/kg). A polyethylene catheter (PE 10 connected to PE 50 -Intramedic Polyethylene Tubing, BD Company, New Jersey, USA), filled with heparinized saline 0.15 mol/L was inserted into the femoral artery in the direction of the abdominal aorta of the rats (n=10), to record the blood pressure values. Another catheter was inserted into the femoral vein for drug administration. The catheters were passed under the skin and externalized in the dorsal region of the rats. The level of anesthesia during the surgery was monitored by the lack of reflex responses to frequent tail pinching and if necessary we reapplied the anesthesia. Animals were kept in individual cages after surgery, receiving standard chow and water ad libitum. After a recovery period of 24 h, a pressure transducer and amplifier (ADInstruments, Melbourne, Australia) were connected to the intraarterial catheter and the pulsatile arterial pressure was recorded in conscious rats for period lasting 90 min for continuous recording of MAP and HR at basal conditions and during drug administration. Once animals were conscious during the experiment, we did not intubate or ventilate the animals. The exact volumes of drugs or saline injected in each animal did not exceed 0.5 mL. The temperature control of room used for the experiment of record of blood pressure was 22-24°C.
During the experiments, the animals were kept conscious and without contention. After 30 min of a stabilizing period of blood pressure, intravenous in bolus injections of apocynin or diapocynin (30 mg/Kg) or vehicle were performed and their effects were recorded. Through LabChar7 software (ADInstruments), the variation of MAP (ΔMAP) was calculated through the difference of values at basal conditions and of maximum hypotensive effect registered to 60 min after drugs administration. We also recorded the HR values. The original records of MAP in the LabChart7 software are shown as Supplementary material. Results were expressed as mean ± standard error of the mean (SEM) values of MAP and HR. . The second and third branches of mesenteric arteries were isolated, dissected, cut into 2 mm rings with internal diameter less than 300 µm, after two tungsten wires (40 µm) passed in the interior of the vessel. Then, vessels were mounted and normalized with a transmural pressure of 100 mmHg according to Mulvany and Halpern [36] . The vessels were kept on stabilization period of 30 min in Krebs solution, pH 7.4, 37°C with gas supply 95% O 2 and 5% CO 2 . A high concentration solution of KCl (120 mmol/L) was used for stimulated the vessel for 15 min to test the viability of the preparations and considered viable those vessels that remained higher contraction than 10 mN. In some rings, the endothelium was removed mechanically (E-) and in others, endothelium was preserved (E+). The absence of endothelium was confirmed by 10% or less of relaxation response to acetylcholine (ACh, 10 µmol/L) and the presence of endothelium was defined as 70% or more of relaxation to ACh in precontracted preparations with phenylephrine (PE, 10 µmol/L). In some mesenteric rings with endothelium, the preparations were incubated with L-N G -Nitroarginine methyl ester (L-NAME, 100 µmol/L, 30 min), a NOS inhibitor. Then, rings were contracted with PE 1 µmol/L until the plateau of contraction and were performed cumulative concentration-curves for apocynin or diapocynin (0.1 µmol/ L to 1 mmol/L).
The relaxing effect of both compounds was measured from the plateau of contraction induced by PE and expressed as reverse percentage of this contraction. The negative logarithm of the concentration (pD 2 ) that produced half-maximal relaxation amplitude and the maximum effect (E max ) values were determined after logarithmic transformation of the concentration-response curves.
2.4.1.2. Time-effect curves to apocynin and diapocynin in resistance mesenteric arteries. On the plateau of PE (100 µmol/L) contraction, the intact rings (n=5) were stimulated with EC 50 (concentration that produced half-maximal relaxation amplitude) of apocynin (10 µmol/L) or diapocynin (50 µmol/L) and the relaxation effect were evaluated on 60, 120, 180, 240 and 300 s after drugs stimulation. Results were expressed as percentage of relaxation of PE contraction.
Vascular reactivity experiments: thoracic aorta rings
Thoracic aorta segments were removed, dissected and cut into 4 mm rings. The intact (E+) aortic rings were placed between two stainless steel stirrups and connected to an isometric force transducer (Letica Scientific Instruments, Barcelona, Spain). The preparations were kept in Krebs solution, pH 7.4, 37°C with gas supply 95% O 2 and 5% CO 2 . The rings were stretched to a resting tension of 2 g during the stabilization period (60 min), and they were washed regularly every 20 min. The viability of aortic rings was tested using high KCl solution (120 mmol/ L). The presence of endothelium was confirmed when 70%, or more, of relaxation induced by ACh (1 µmol/L) was observed in aortic rings contracted with PE (0.1 µmol).
2.4.2.1. Apocynin and diapocynin effects in aorta rings. Apocynin and diapocynin (100 µmol/L) were incubated for 30 min, and then, cumulative concentration-curves to PE (0.1 nmol/L to 50 µmol/L) were performed in the rings (n=5). Some rings were not incubating with drugs and were used as control.
In other aortic rings, L-NAME (100 µmol/L, 30 min) was added in preparations in absence (control) or presence of apocynin (100 µmol/L) or diapocynin (100 µmol/L). After that, cumulative concentrationcurves to PE (0.1 nmol/L to 50 µmol/L) were performed.
The results were expressed as mean ± SEM, in grams (g) of contraction, and E max and pD 2 were determined after logarithm transformation of the concentration-response curves to PE in each aortic ring used. and reactive oxygen species (ROS), respectively. Subsequently, the cells were incubated with apocynin (10 µmol/L) or diapocynin (50 µmol/L). Using a flow cytometer (Attune™ Acoustic Focusing Cytometer, Applied Biosystems, Vic, Australia), samples were excited with a blue laser at 488 nm and emission at 530/30 nm, to DAF-2/DA and FLUO-3AM experiments, and with a blue laser at 488 nm and emission at 585/ 42 nm, to DHE experiments. A software (Attune Cytometric Software, Applied Biosystem) analyzed the cytofluorographic tracings generated and the results were expressed as the mean values of the medians of fluorescence intensity (FI) from the cells stimulated with fluorescent probes in presence or absence of apocynin or diapocynin stimuli, according to Potje et al. [37] and Troiano et al. [38] . The obtained values were analyzed and compared between cells incubated with apocynin or diapocynin.
Preparation and analysis of diapocynin
Diapocynin was prepared as previously described, with modifications [39] . Apocynin (3.0 g, 18 mmol) was dissolved in 400 mL of hot water. Then, the heating was turned off and ammonium iron(II) sulphate hexahydrate (354 mg, 0.9 mmol) and potassium persulphate (2.4 g, 9.0 mmol) were added and stirred for additional 30 min. The precipitated was filtered and washed with cold water. The product was re-dissolved by adding sodium hydroxide (100 mL, 4 mol/L) and filtered. The brown solution was acidified by adding hydrochloric acid (100 mL, 4 mol/L) and the precipitate was filtered and washed with cold water. The product was dried in a vacuum over phosphorus pentoxide, yielding 1.7 g (57%) of a yellow solid. The product was characterized by NMR spectra (CDCl 3 and DMSO-D 6 solutions) using tetramethylsilane as an internal reference for 1 H and DMSO-D 6 as an internal reference for 13 C (Bruker DRX 400 spectrometer, MA, USA). 
Drugs and reagents
, DHE (D37291) and FLUO3-AM (73881), potassium persulphate and ammonium iron (II) sulphate hexahydrate were purchased from SigmaAldrich Chemical Co. (St. Louis, MO, USA). Diapocynin was synthesized in chemical laboratory coordinated by Professor Valdecir F. Ximenes, School of Sciences of Bauru, UNESP, Brazil. Impure considerate compounds have a several melting and boiling points, as the different substances they contain melt or boil at different temperatures. On the other hand, pure compounds have definite melting points and boiling points. According to manufacturer information, apocynin has a purity of ≥98% and diapocynin has a purity of ≥99% [40] .
PE, ACh, L-NAME were prepared in deionized water. Apocynin, ODQ, TEA, DAF-2DA, DHE and FLUO-3AM were prepared in dimethylsulfoxide (DMSO). The concentration of DMSO did not exceed 0.5% in all in vitro experiments. Apocynin and diapocynin prepared in DMSO solution were diluted in saline (0.15 mol/L) for in vivo experiments (vehicle).
The chemical structures of apocynin and diapocynin were demonstrated in Fig. 1A and B, respectively.
Statistical analysis
All results were expressed as mean ± SEM and n represents the number of animals, aortic or mesenteric rings used in the experiments. The statistical analysis of the results was performed using one-way analysis of variance (ANOVA) followed by Tukey's or Dunnett's post-test or Student's t-test when appropriate, using GraphPad Prism 3.0 (GraphPad Software Corporation, La Jolla, CA, USA). Differences were significant when p < 0.05.
Results
The total antioxidant capacity of diapocynin was higher than antioxidant capacity of apocynin
We observed that apocynin and diapocynin was able to reduce the (Fig. 2) .
Apocynin and diapocynin induced hypotensive effect in Wistar rats
The in bolus administration of apocynin and diapocynin (30 mg/Kg, i.v) induced a hypotensive effect, but only apocynin promoted a long lasting effect (Fig. 3A) . The greatest hypotensive effect of apocynin Despites apocynin and diapocynin effects on blood pressure, no effects were observed on heart rate after apocynin (10 (Fig. 3B ).
Apocynin and diapocynin induced vasodilator effect in resistance artery of Wistar rats
Apocynin and diapocynin promoted concentration-dependent relaxing effects in rings of the 2nd and 3rd branches of mesenteric arteries contracted with PE ( Table 1 ). The relaxing effects were observed in rings with and without endothelium ( Fig. 4A and B) . In intact rings, the concentration-response curves for both drugs were shifted to the left when compared to the curves obtained in rings without endothelium, showing that the presence of endothelium improves the vasodilator effect of apocynin and diapocynin (Fig. 4C) .
Relaxation induced by apocynin or diapocynin in denuded mesenteric resistance arteries from Wistar involves sGC and potassium channels activation
In rings without endothelium (E-), ODQ (selective sGC inhibitor) ( Fig. 5A and C) or TEA (unspecific potassium channel blocker) ( Fig. 5B  and D) reduced the maximum relaxation and the concentrationresponse curves were shifted to the right when compared to the control curves for both drugs (Table 1) .
NOS participates in relaxation induced by apocynin or diapocynin in intact mesenteric resistance arteries of Wistar
In the presence of L-NAME (non-selective NOS inhibitor), the potency of apocynin or diapocynin was decreased, but did not observed change in the maximum effect of both concentration-response curves ( Fig. 6A and B) .
The relaxation effect time-dependent of apocynin was faster than diapocynin in mesenteric artery
The half maximal effective concentration (EC 50 ) refers to the concentration of a drug that induces response halfway between the baseline and maximum response (E max ) and is used to show the potency of a drug. The EC 50 of apocynin (10 µmol/L) induced faster relaxation effects in mesenteric arteries rings when compared to the EC 50 of diapocynin (50 µmol/L) (Fig. 7) , even that diapocynin was five times more concentrate.
Apocynin and diapocynin blunted the reactivity to phenylephrine (PE) in intact aorta
Pre-incubation of intact aortic rings with apocynin (100 µmol/L) or diapocynin (100 µmol/L) reduced the maximum effect (E max ) of concentration-response curves to PE (E max of control curves: 1.80 ± 0.08, n=5; in presence of apocynin: 0.88 ± 0.14, n=4; in presence of diapocynin: 1.31 ± 0.15, n=4). Apocynin was able to reduce in 50% the E max of the PE control contractions, while diapocynin reduced in 27% this effect. No alteration was observed in the pD 2 values of PE 
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(7.16 ± 0.09, n=5) in presence of apocynin (7.20 ± 0.16, n=4) or diapocynin (7.35 ± 0.11, n=4) (Fig. 8) .
3.8. The blocking of NOS increased the reactivity to phenylephrine (PE) in intact aortas pre-incubated with apocynin or diapocynin L-NAME increased E max (2.59 ± 0.13, n=5) and pD 2 (7.71 ± 0.13, n=5) values of concentration-response curve to PE when compared to control curve (Fig. 9A) . When aortic rings were incubated with diapocynin plus L-NAME, E max value (2.68 ± 0.25, n=5) was increased twice, but not pD 2 value (7.12 ± 0.05, n=5), when compared to the curve incubated only in presence of diapocynin (Fig. 9B) . Similarly, rings incubated with apocynin plus L-NAME showed higher E max value (2.89 ± 0.23, n=5), but not pD 2 value (7.42 ± 0.12, n=5), when compared to the curve incubated only with apocynin (Fig. 9C) . (Fig. 10A) .
A reduction in ROS concentration was observed in aortic endothelial cells incubated with apocynin (2549.00 ± 195.04 AU, n=5) or diapocynin (3122.40 ± 51.30 AU, n=5) when compared to basal ROS concentration (3732.60 ± 134.76 AU, n=5) in endothelial cells from Wistar rats (Fig. 10B) .
Aortic endothelial cells incubated with apocynin (6604.00 ± 261.26, n=5) showed an increased Ca 2+ concentration when compared to aortic endothelial cells incubated with diapocynin (5484.20 ± 130.48 AU, n=5) or not incubated (5331.80 ± 163.64 AU, n=5) of Wistar rats (Fig. 10C) . There was no difference in Ca 2+ concentration between aortic endothelial cells at basal or incubated with diapocynin.
Discussion
This present study shows, for the first time, the hypotensive and vasodilator effects of diapocynin in normotensive Wistar rats. The main findings of this study are: (I) diapocynin shows a higher antioxidant capacity than apocynin; (II) both drugs, apocynin and diapocynin, induced hypotensive effect without changing the heart rate; (III) diapocynin was less potent than apocynin as inductor of vasodilatation in resistance mesenteric arteries; (IV) the relaxation induced by apocynin or diapocynin involves sGC and potassium channels in vascular smooth muscle cells; (V) NOS participates of relaxation induced by apocynin or diapocynin in intact mesenteric rings; (VI) apocynin and diapocynin increased NO and decreased ROS levels in endothelial cells, however only apocynin increased calcium concentration in these cells.
Diapocynin and apocynin show low solubility in deionized water, but they are soluble in dimethylsulfoxide (DMSO; diapocynin: 5.5 mg/ mL; apocynin: 33 mg/mL). However, just apocynin is soluble in ethanol E- 
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(20 mg/mL) [40, 41] . The log of the octanol/water partition coefficient (log P) is a parameter for the estimation of molecular lipophilicity of chemical compounds, that is, the ability to pass through a cell membrane and can provide their pharmacokinetic properties [42] . The values of log P for apocynin is 1.01 and 1.82 for diapocynin [40] , this means diapocynin has more ability to cross cell membrane than apocynin. Antioxidant capacity is the ability that a specific molecule has to neutralize free radicals by accepting or donating electron(s) to eliminate the unpaired condition of radical [43] . In this regard, previous in vitro studies demonstrated that apocynin is a relatively weak free radical scavenger when compared to protocatechuic acid, an excellent antioxidant phenolic compound. On the other hand, apocynin has a high capacity as a scavenger of non-radical reactive species as HOCl and H 2 O 2 [44] . Moreover, apocynin tested at concentration up to 20 µmol/ L, did not exhibit antioxidant activity [45] . In agreement, using the FRAP assay, we observed that apocynin has antioxidant capacity only at 100 µmol/L and 1000 µmol/L. On the other hand, diapocynin showed higher antioxidant capacity when compared with apocynin at different concentrations (10 µmol/L, 100 µmol/L and 1000 µmol/L) (Fig. 2) . These results showed that diapocynin has higher ability to neutralize free radicals than apocynin.
We tested the effects of apocynin on blood pressure previously and observed that at 30 mg/Kg dose is effective to induce hypotensive effect in female and male normotensive and spontaneously hypertensive nonanesthetized rats [37] . Doses of lower concentrations (4, 8 and 12 mg/ Kg) of apocynin also induced reduction of systolic blood pressure in anesthetized spontaneously hypertensive rats [34] . However, apocynin at 200 µmol/Kg, did not alter blood pressure [46] in DOCA-salt hypertensive rats.
As far as we know, this is the first study demonstrating that diapocynin (30 mg/Kg), was also able to induce hypotension without changing heart rate in Wistar rats. Despite diapocynin shows greater ability to cross cell membrane and higher ability to neutralize free radicals than apocynin, the hypotensive effect of diapocynin was completely abolished 30 min after its administration, whereas the hypotensive effect of apocynin has been maintained in long lasting period (Fig. 3) .
Diapocynin and apocynin was applied intravenous, but we did not analyze the metabolization, distribution or accumulation of both compounds in biological system. Wang et al. [47] showed that 30 min after intraperitoneal injection of apocynin (5 mg/Kg body weight) in adult male Sprague-Dawley rats, approximately 50% of apocynin was converted to its glycosyl derivative and was distributed in plasma, liver and brain of rats. However, there is no information about diapocynin distribution or metabolization in literature. Furthermore, diapocynin does not show toxicity data [39] and apocynin has very low 
toxicity (LD 50 : 9 g/Kg) [41] . In order to evaluate if the hypotensive effect of diapocynin could be associated to its effect on peripheral vascular resistance, we tested the effect of this drug on vascular reactivity of mesenteric resistance arteries. Apocynin and diapocynin induced concentration-dependent relaxation in intact or denuded mesenteric artery rings, pre-contracted with phenylephrine. However, diapocynin was less potent than apocynin (Fig. 4) . Furthermore, analyzing the time-course curves of both drugs, we observed that diapocynin was less effective to induced maximum relaxation within 240 s, while apocynin needed just 180 s to induce the same effect (Fig. 7) . The in vivo effects of apocynin and diapocynin can be associated by its effects on resistance and conductance arteries.
In vascular smooth muscle cells, the NO released by endogenous or exogenous source activates sGC, generating the second messenger cyclic guanosine monophosphate (cGMP) and that, in turn, activates protein kinase G [48] . It has been reported that protein kinase G can phosphorylate proteins in the sarcoplasmic reticulum that lead to activation of Ca 2+ -ATPase (SERCA) [49, 50] , potassium channels 
Ca 2+ -release [52] . All these actions lead to a decrease in intracellular calcium concentration in vascular smooth muscle cells, promoting relaxation. Our results demonstrated that ODQ (selective soluble guanylyl cyclase inhibitor) and TEA (unspecific potassium channel blocker) reduced the maximum effect and potency of apocynin and diapocynin, in denuded mesenteric arteries of Wistar (Fig. 5 ). This present results suggests that in Wistar mesenteric arteries without endothelium, the NO concentration increased by apocynin or diapocynin (Fig. 10A ) activates sGC and can directly activate potassium channels independent of protein kinase G [53] . Moreover, in presence of endothelium, NOS participates in the relaxation induced by apocynin and diapocynin (Fig. 6) . Senejoux et al. [34] , demonstrated that apocynin induces vasodilation endothelium-independent through calcium mobilization and potassium-ATP channels in vascular smooth muscle cells. Moreover, relaxation induced by apocynin endotheliumdependent involved NOS [32, 34] as we observed in our findings. Furthermore, Han et al. [33] demonstrated that 4-Aminopyridine (voltage-gated potassium channels blocker) attenuated apocynin-induced relaxation in aorta and abolished the increased calcium and NO concentration in endothelial cells, indicating the involvement of potassium channels in apocynin effect. We observed that diapocynin, as apocynin, induced aorta hyporeactivity to phenylephrine in intact rings, despite the lower effect was observed with diapocynin than apocynin (Fig. 8) . L-NAME reversed the aorta hyporeactivity in rings pre-incubated with apocynin or diapocynin, showing that NOS blunted the phenylephrine concentrationresponse curves in aortic rings of Wistar (Fig. 9) . Silva et al. [54] demonstrated that alpha 1 -adrenoceptor activation contributed to the increase of eNOS activity by Serine 1177 phosphorylation in intactendothelium aorta of renal hypertensive (2K-1C) and sham-operated (2K) rats, which consequently decreases PE-induced contractile response. ROS are highly reactive metabolites of oxygen and their lifetime in biological systems can range from nanoseconds to seconds. Due their high reactivity and numerous clearance mechanisms, ROS exist in vivo in either picomolar or very low nanomolar steady-state concentrations [55] . In this way, ROS detection requires specific probes that very rapidly react with ROS to compete with antioxidants and produce stable products, which can be quantified [56] . The DHE probe can freely permeate cell membrane and is used extensively to detect ROS. However, its use is limited, once DHE can form two fluorescent products, the first one is 2-OH-ethidium (2OH-E) that can have overlapping fluorescence and the second is ethidium (Eth) that is nonspecific oxidation product [57] . Despite its limitation, DHE is perhaps the most specific fluorescent probe for superoxide detection [58] and least problematic dye, once is retained well by cells and may even tolerate mild fixation [57] . In this way, DHE was used to evaluate ROS concentration on endothelial cells.
The vasodilator effects of apocynin were associated to its effects on NO, ROS and Ca +2 concentrations in endothelial cells. Heumüller et al.
[ 26] , observed that apocynin act as an antioxidant in vascular cells and our data showed apocynin has antioxidant capacity and can decreased ROS concentration (Fig. 10B) . Furthermore, the eNOS-phosphorylation on serine1177 was stimulated by apocynin [33] , suggesting that apocynin can activate eNOS and increase the NO concentration as we observed in Fig. 10A . In endothelial cells of normotensive and hypertensive male rats [32] and in pregnant and non-pregnant normotensive and hypertensive rats [38] were observed that apocynin stimulated an increase in NO concentration and decreased ROS levels. Moreover, we also observed that apocynin increased Ca +2 concentration ( Fig. 10C ) in endothelial cells of Wistar rats. Our results (Fig. 10 ) demonstrated that diapocynin also increases NO and decreases ROS concentrations in endothelial cells, however, diapocynin did not alter the Ca +2 concentration in these cells, suggesting that distinct mechanism, less dependent of Ca +2 , could be involved in vasodilator effect of diapocynin. Furthermore, it was demonstrated through FRAP assay that diapocynin shows higher antioxidant capacity than apocynin. In this way, diapocynin could oxidized the ROS, decreasing ROS concentration. Once ROS can react with NO [59] and its concentration was decreased, in the other hand, NO concentration was increased. Diapocynin effects on blood pressure and vascular reactivity could be associated to increase NO-bioavailability in endothelial cells. Different studies have been using apocynin [32, [60] [61] [62] [63] [64] and diapocynin [25, 27, 28] for treatment of experimental animal models to evaluate the role of NAD(P)H oxidase enzyme and the contribution of ROS to oxidative stress and cardiovascular disease. Then, the intent of our study was elucidating the clinical pharmacology of diapocynin on vascular system and its vasodilator and hypotensive effect, once is an active dimer from apocynin and thus our data could contribute to the progress of the field for ROS study and vascular biology.
Conclusion
Taken together, these results showed, for the first time, that diapocynin can decrease blood pressure and to induce endotheliumdependent and independent vasodilation in resistance arteries of rats. The sGC, potassium channels and NOS participate to the relaxation induced by diapocynin. Despite in vitro diapocynin antioxidant effect was higher than apocynin, its efficacy on blood pressure reduction or its potency as vasodilator were reduced when compared to apocynin. Hence, these findings are additional evidence that the widespread beneficial properties of apocynin are not only related to its antioxidant activity. Finally, diapocynin, as observed to apocynin, improves NObioavailability, increasing NO and reducing ROS in aortic endothelial cells.
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